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'HSDUWPHQWRI*HRVFLHQFHV8QLYHUVLW\RI)ULERXUJ&KHPLQGX0XVpH)ULERXUJ
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$EVWUDFW²)RVVLOVSURYLGHWKHSULQFLSDOEDVLVIRUWHPSRUDOFDOLEUDWLRQVZKLFKDUHFULWLFDOWRWKH
DFFXUDF\RIGLYHUJHQFHGDWLQJDQDO\VHV7UDQVODWLQJIRVVLOGDWDLQWRPLQLPXPDQGPD[LPXP
ERXQGVIRUFDOLEUDWLRQVLVWKHPRVWLPSRUWDQWDQGRIWHQOHDVWDSSUHFLDWHGVWHSRIGLYHUJHQFH
GDWLQJ3URSHUO\MXVWLILHGFDOLEUDWLRQVUHTXLUHWKHV\QWKHVLVRISK\ORJHQHWLFSDOHRQWRORJLFDODQG
JHRORJLFDOHYLGHQFHDQGFDQEHGLIILFXOWIRUQRQVSHFLDOLVWVWRIRUPXODWH7KHG\QDPLFQDWXUHRI
WKHIRVVLOUHFRUGHJQHZGLVFRYHULHVWD[RQRPLFUHYLVLRQVXSGDWHVRIJOREDORUORFDO
VWUDWLJUDSK\UHTXLUHVWKDWFDOLEUDWLRQGDWDEHXSGDWHGFRQWLQXDOO\OHVWWKH\EHFRPHREVROHWH
+HUHZHDQQRXQFHWKH)RVVLO&DOLEUDWLRQ'DWDEDVHKWWSIRVVLOFDOLEUDWLRQVRUJDQHZRSHQ
DFFHVVUHVRXUFHSURYLGLQJYHWWHGIRVVLOFDOLEUDWLRQVWRWKHVFLHQWLILFFRPPXQLW\&DOLEUDWLRQV
DFFHVVLRQHGLQWRWKLVGDWDEDVHDUHEDVHGRQLQGLYLGXDOIRVVLOVSHFLPHQVDQGIROORZEHVWSUDFWLFHV
IRUSK\ORJHQHWLFMXVWLILFDWLRQDQGJHRFKURQRORJLFDOFRQVWUDLQW7KHDVVRFLDWHG)RVVLO&DOLEUDWLRQ
6HULHVDFDOLEUDWLRQWKHPHGSXEOLFDWLRQVHULHVDW3DODHRQWRORJLD(OHFWURQLFDZLOOVHUYHDVRQH
NH\SLSHOLQHIRUSHHUUHYLHZHGFDOLEUDWLRQVWRHQWHUWKHGDWDEDVH
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)RVVLOVSURYLGHDGLUHFWVRXUFHRIWHPSRUDOGDWDIRUHYROXWLRQDU\HYHQWV,QFRQFHUWZLWK
PROHFXODUVHTXHQFHGDWDIRVVLOEDVHGFDOLEUDWLRQVSURYLGHWKHHVVHQWLDOLQIRUPDWLRQIRUVFDOLQJ
SK\ORJHQHWLFWUHHVWRJHRORJLFDOWLPH7KHSURSHUWUDQVODWLRQRIIRVVLOGDWDLQWRFDOLEUDWLRQVLVWKH
VLQJOHPRVWLPSRUWDQWIDFWRUIRUHVWDEOLVKLQJFRQVWUDLQWVIRUGLYHUJHQFHGDWLQJHJ%URFKX
3DUKDPDQG,UPLV-R\FHHWDO0DJDOOyQHWDO:DUQRFNHWDO
ZKLFKLQWXUQLVWKHPRVWLPSRUWDQWIDFWRULQIOXHQFLQJWKHDFFXUDF\RIUHVXOWVHJYDQ7XLQHQ
DQG+DGO\,QRXHHWDO6DXTXHWHWDO:DUQRFNHWDO3RRUHVWLPDWLRQRI
GLYHUJHQFHGDWHVDVDUHVXOWRILQDFFXUDWHIRVVLOFDOLEUDWLRQVKDVEHHQGHPRQVWUDWHGIRUERWK
HPSLULFDOHJ-R\FHHWDODQGWKHRUHWLFDOHJGRV5HLVDQG<DQJGDWDVHWV
6LPLODUO\WKHGLVWULEXWLRQRIIRVVLOFDOLEUDWLRQVDFURVVWKHSK\ORJHQ\RILQWHUHVW%URFKX
DVZHOODVWKHDVVLJQPHQWRISULRUGLVWULEXWLRQVWRLQGLYLGXDOFDOLEUDWLRQVHJ+RDQG3KLOOLSV
,QRXHHWDO&ODUNHHWDO:DUQRFNHWDOFDQKDYHODUJHHIIHFWVRQ
HVWLPDWHVRIGLYHUJHQFHGDWHV
*LYHQWKHLPSRUWDQFHRIIRVVLOFDOLEUDWLRQVWKHUHLVDSUHVVLQJQHHGWRLQFUHDVHWKHLU
QXPEHUDQGSK\ORJHQHWLFVSUHDG%HFDXVHFDOLEUDWLRQVFDQKDYHDODUJHLPSDFWRQUHVXOWV
WKURXJKRXWWKHWUHH+RDQG3KLOOLSV&ODUNHHWDOTXDOLW\FRQWUROUHPDLQVFULWLFDO
HYHQZKHQODUJHQXPEHUVRIFDOLEUDWLRQVDUHXVHG)XUWKHUPRUHIRVVLOFDOLEUDWLRQVDUHQHHGHGIRU
SRRUO\FRYHUHGDUHDVRIWKH7UHHRI/LIHZKHUHVHFRQGDU\FDOLEUDWLRQVFRQWLQXHWREHXVHGDWD
KLJKUDWHGHVSLWHZLGHO\DFNQRZOHGJHGIODZVLQWKLVDSSURDFK+LSVOH\DQG0OOHU*LYHQ
WKHVHWUHQGVDQGFRQFHUQVLWLVQHFHVVDU\WRLQFUHDVHWKHTXDOLW\DQGTXDQWLW\RIIRVVLO
FDOLEUDWLRQV
8QIRUWXQDWHO\PHWKRGVIRUHVWLPDWLQJWKHSK\ORJHQHWLFSRVLWLRQVDQGJHRORJLFDODJHVRI
IRVVLOVSHFLPHQVXVHGIRUQRGHFDOLEUDWLRQDUHRIWHQWUHDWHGOHVVULJRURXVO\LQGLYHUJHQFHGDWLQJ
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VWXGLHVWKDQVWHSVVXFKDVVHTXHQFHDOLJQPHQWPRGHOVHOHFWLRQDQGVHDUFKLQJIRURSWLPDOWUHHV
7KLVZHDNQHVVLVGXHLQSDUWWRWKHEUHDGWKRILQWHUGLVFLSOLQDU\NQRZOHGJHUHTXLUHGWRDVVHVV
SRWHQWLDOIRVVLOFDOLEUDWLRQVHVSHFLDOO\WKHGLIILFXOW\LQLQWHUSUHWLQJWKHUHOHYDQWV\VWHPDWLF
VWUDWLJUDSKLFDQGJHRFKURQRORJLFDOOLWHUDWXUH0RUHRYHUSK\ORJHQHWLFK\SRWKHVHVDQGDJH
HVWLPDWHVRIIRVVLOVFDQDQGRIWHQGRFKDQJHRYHUWLPH:LGHO\XVHGFDOLEUDWLRQVKDYHEHHQ
GLVFDUGHGGXHWRQHZGLVFRYHULHVRUUHYLVLRQVWRDJHVDQGWD[RQRP\HJ3DUKDPHWDO
%HQWRQHWDO7KHVHFRQFHUQVDUHQRWREYLDWHGE\WKHLQWURGXFWLRQRIWLSEDVHGFDOLEUDWLRQ
PHWKRGVVRFDOOHGµ7RWDO(YLGHQFH'DWLQJ¶HJ3\URQHWDO5RQTXLVWHWDOZKLFK
PXVWDOVRDFFRPPRGDWHULJRURXVIRVVLOGDWLQJ:KLOHWLSEDVHGDSSURDFKHVUHSUHVHQWDQH[FLWLQJ
QHZFODVVRIPHWKRGVIRULQFOXGLQJIRVVLOGDWDPHWKRGRORJLFDOFRQFHUQVUHPDLQRYHUWKH
DFFXUDF\RI³PRUSKRORJLFDOFORFNV´HJ$UFLODHWDODQGQRGHEDVHGFDOLEUDWLRQVDUH
IUHTXHQWO\XVHGHYHQZLWKLQWKHFRQWH[WRIWLSGDWLQJVWXGLHVHJ%HFNDQG/HH
)XUWKHUPRUHOLPLWDWLRQVRIFXUUHQWO\DYDLODEOHVRIWZDUHSUHFOXGHWUDFWDEOHGDWLQJXVLQJGDWDVHWV
WKDWFRPELQHJHQRPLFVFDOHPROHFXODUGDWDDQGPRUSKRORJLFDOGDWDLQDSUREDELOLVWLFIUDPHZRUN
*LULEHW7KXVQRGHFDOLEUDWLRQDSSURDFKHVDUHOLNHO\WRUHWDLQLPSRUWDQFHHVSHFLDOO\DV
SK\ORJHQRPLFGDWDVHWVEHFRPHLQFUHDVLQJO\FRPPRQ

$'$7$%$6($3352$&+72)266,/&$/,%5$7,216

%DFNJURXQG

:HLQWURGXFHWKH)RVVLO&DOLEUDWLRQ'DWDEDVHDQRSHQDFFHVVHOHFWURQLFUHVRXUFHIRU
YHWWHGSHHUUHYLHZHGIRVVLOFDOLEUDWLRQVGHYHORSHGE\D1(6&HQW:RUNLQJ*URXS.VHSNDHWDO
DQGKRVWHGLQFROODERUDWLRQZLWKWKHMRXUQDO3DODHRQWRORJLD(OHFWURQLFD&DOLEUDWLRQVPXVW
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XQGHUJRSHHUUHYLHZDQGPHHWWKH%HVW3UDFWLFHVDUWLFXODWHGE\3DUKDPHWDOWREH
DFFHVVLRQHGLQWRWKHGDWDEDVHRIIHULQJDJUHDWHUOHYHORIVFLHQWLILFULJRUDQGFODULW\WRXVHUVWKDQ
PLJKWEHREWDLQHGE\KDUYHVWLQJSXWDWLYHGDWHVIURPWKHJHQHUDOSDOHRQWRORJLFDOOLWHUDWXUH,Q
VXSSO\LQJFDOLEUDWLRQVWRIDFLOLWDWHQHZDQDO\VHVWKH)RVVLO&DOLEUDWLRQ'DWDEDVHLVGLVWLQFWIURP
7LPH7UHH+HGJHVHWDOZKLFKVHUYHVDVDGDWDEDVHRISXEOLVKHGPROHFXODUGLYHUJHQFH
HVWLPDWHV
$GDWDEDVHDSSURDFKLVDGYDQWDJHRXVEHFDXVHWKHIRVVLOUHFRUGLVQRWVWDWLF1HZIRVVLO
VSHFLPHQVDUHFRQVWDQWO\EHLQJGLVFRYHUHGDQGWKHSK\ORJHQHWLFSRVLWLRQVRINQRZQIRVVLOWD[D
DUHIUHTXHQWO\UHLQWHUSUHWHGLQOLJKWRIQHZPHWKRGVRIVWXG\RUSK\ORJHQHWLFUHYLVLRQV
6WUDWLJUDSKLFUHYLVLRQVUHJXODUO\VKLIWWKHEHVWDJHHVWLPDWHVIRULQGLYLGXDOIRVVLOVDWERWKWKH
ORFDOHJQHZVWUDWLJUDSKLFFRUUHODWLRQVRUUDGLRPHWULFGDWHVDQGJOREDOVFDOHVHJXSGDWHVWR
PDMRUERXQGDULHVLQWKH*HRORJLFDO7LPH6FDOH7KH)RVVLO&DOLEUDWLRQ'DWDEDVHFDQ
DFFRPPRGDWHVXFKIOXFWXDWLRQVE\DGGLQJQHZFDOLEUDWLRQVDVWKH\DUHIRUPXODWHGDOHUWLQJXVHUV
WRDOWHUQDWHSURSRVHGFDOLEUDWLRQVIRUQRGHVDQGIODJJLQJFDOLEUDWLRQVWKDWKDYHEHHQVXSHUVHGHG
E\QHZO\GLVFRYHUHGIRVVLOV
$UHFHQWUHYLVLRQRIIRVVLOFDOLEUDWLRQVIRUPDMRUQRGHVLQWKHDQLPDOSK\ORJHQ\VHUYHVWR
LOOXVWUDWHWKHG\QDPLFQDWXUHRIIRVVLOGDWD%HQWRQFRPSLOHGDVXLWHRINH\IRVVLO
FDOLEUDWLRQVZLWKLQ0HWD]RDZKLFKKDVEHHQXSGDWHGDQGUHYLVHGVHYHUDOWLPHV%HQWRQDQG
'RQRJKXH'RQRJKXHDQG%HQWRQ%HQWRQHWDO7KLVFRPSLODWLRQZDVPRVW
UHFHQWO\H[SDQGHGDQGYHWWHGDJDLQVW%HVW3UDFWLFHVDVSDUWRIWKH)RVVLO&DOLEUDWLRQV'DWDEDVH
SURMHFW%HQWRQHWDO$VPD\EHH[SHFWHGQHZGLVFRYHULHVDUHDQLPSRUWDQWGULYHURI
XSGDWHVDGLIIHUHQWIRVVLOQRZFDOLEUDWHVPRUHWKDQKDOIRIWKHQRGHVWKDWDUHH[DPLQHGLQ
ERWKWKHQHZDQGSUHYLRXVFRQWULEXWLRQV7DEOH,WLVLOOXVWUDWLYHWRQRWHWKDWDOWKRXJKQHZ
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IRVVLOGLVFRYHULHVDUHDQLPSRUWDQWGULYHURIUHYLVHGGDWHVWKHPDMRULW\RIXSGDWHVDUHGXHWR
SK\ORJHQHWLFDQGVWUDWLJUDSKLFUHYLVLRQV

8WLOL]LQJWKH'DWDEDVH

)RVVLO&DOLEUDWLRQ'DWDEDVHXVHUVFDQEURZVHFDOLEUDWLRQVEDVHGRQWKHH[WHQGHG1&%,
WD[RQRP\RUVHDUFKE\FODGHQDPHPRVWUHFHQWFRPPRQDQFHVWRURIWKHWLSWD[DRILQWHUHVW
05&$RIWD[RQ$DQGWD[RQ%DQGRUDJHRUJHRORJLFDOWLPHSHULRG)RUHDFKFDOLEUDWLRQ
UHVXOWWKHIRVVLOVSHFLPHQKDUGPLQLPXPVRIWPD[LPXPLIDYDLODEOHDQGUHFRPPHQGHG
FLWDWLRQVDUHSURYLGHG'LUHFWOLQNVWR3')VRISDSHUVLQ3DODHRQWRORJLD(OHFWURQLFDDUH
SURYLGHGIRUWKRVHFDOLEUDWLRQVZKRVHMXVWLILFDWLRQKDVEHHQSXEOLVKHGLQWKH)RVVLO&DOLEUDWLRQ
6HULHVVHHEHORZ$WUHHJUDSKLFLVSURYLGHGDORQJVLGHHYHU\FDOLEUDWLRQWRHQVXUHSK\ORJHQHWLF
SODFHPHQWLVSURSHUO\FRQYH\HGDQGDYRLGFRQIXVLRQGXHWRYDULDWLRQLQWKHDSSOLFDWLRQRI1&%,
WD[RQQDPHVHJDSSO\LQJQDPHVWRVWHPEDVHGYHUVXVFURZQEDVHGFODGHV)RUDOOFDOLEUDWLRQV
RIQDPHGFODGHVDQGRUEDVHGRQIRVVLOVRIQDPHGWD[DOLQNVDUHSURYLGHGWRUHOHYDQWSDJHVRI
WKH3DOHRELRORJ\'DWDEDVHSDOHRGERUJ$QLPDO'LYHUVLW\:HEDQLPDOGLYHUVLW\RUJDQG
:LNLSHGLDHQZLNLSHGLDRUJ/LQNVWR1&%,WD[RQRP\SDJHVIRUWD[DZLWKLQWKHFODGHRI
LQWHUHVWDUHDOVRSURYLGHG7KH)RVVLO&DOLEUDWLRQ'DWDEDVHDQG2SHQ7UHHRI/LIHERWKDOORZ
$3,DFFHVVWRWKHLUGDWDDOORZLQJIRUGDWDLQWHJUDWLRQ)RVVLOLQIRUPDWLRQZLOOEHXVHIXOIRU
DGGLQJEUDQFKOHQJWKVWR2SHQ7UHHRI/LIHRUDVDQDQQRWDWLRQOD\HURQWKH7UHH7KHXVHRI
WD[RQQDPHVIURPWKH1&%,WD[RQRP\LQERWKUHVRXUFHVZLOOKHOSIDFLOLWDWHIXWXUHLQWHUDFWLRQ
7KH)RVVLO&DOLEUDWLRQ'DWDEDVHDOVRLQFOXGHVDQRSWLRQWRSURYLGHGDWDDQGMXVWLILFDWLRQ
IRUPD[LPXPGDWHV0D[LPXPGDWHVDUHRIFRXUVHIDUPRUHDUJXPHQWDWLYHWKDQPLQLPXPGDWHV
ZKLFKLVZK\PRVWPHWKRGVXVHVRIWPD[LPD1RQHWKHOHVVPRVWFXUUHQWO\IDYRUHGPHWKRGVIRU
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GLYHUJHQFHGDWLQJUHTXLUHDWOHDVWRQHPD[LPXPGDWHZKHWKHULQWKHIRUPRIDSRLQWFDOLEUDWLRQ
KDUGPD[LPXPRUVRIWPD[LPXPLQRUGHUWRRSHUDWH:HGRQRWUHTXLUHPD[LPXPERXQGVLQ
FDOLEUDWLRQSDSHUVDQGWKHGDWDEDVHDOWKRXJKZKHUHSRVVLEOHZHHQFRXUDJHFRQWULEXWRUVWR
SURYLGHLQIRUPDWLRQUHOHYDQWWRXVHUVIRUFKRRVLQJVRIWPD[LPXPERXQGV
$OWKRXJKWKHSULPDU\IXQFWLRQRIWKH)RVVLO&DOLEUDWLRQ'DWDEDVHLVWRSURYLGHDQHDVLO\
DFFHVVLEOHDQGXSGDWDEOHVRXUFHIRUFDOLEUDWLRQVWKHGDWDEDVHLVGHVLJQHGWRHQFRXUDJHSURSHU
FLWDWLRQRIWKHSDOHRQWRORJLFDOUHVHDUFKWKDWIRUPVWKHEDVLVIRUIRVVLOFDOLEUDWLRQV:HUHFRJQL]H
FLWLQJWKHGDWDEDVHLWVHOILVXVHIXOLQKLJKOLJKWLQJLWVXWLOLW\EXWZHVWURQJO\HQFRXUDJHDXWKRUVWR
DOVRFLWHWKHSULPDU\OLWHUDWXUHIRULQGLYLGXDOFDOLEUDWLRQV7RGDWHPDQ\GLYHUJHQFHGDWLQJ
VWXGLHVKDYHFLWHGDSUHYLRXVGLYHUJHQFHGDWLQJVWXG\RUDJHQHUDOUHYLHZSDSHUZKLFKPD\ODFN
SULPDU\GDWDDVDUHIHUHQFHIRUFDOLEUDWLRQVRUSURYLGHQRFLWDWLRQVIRUFDOLEUDWLRQVDWDOO
'LUHFWLQJGDWDEDVHXVHUVWRWKHDSSURSULDWHOLWHUDWXUHIRULQGLYLGXDOFDOLEUDWLRQVVKRXOGHQVXUH
WKDWDQH[SOLFLWDQGUHSURGXFLEOHFKDLQRIHYLGHQFHH[LVWVIRUXVHRIWKHVHIRVVLOFDOLEUDWLRQV7KLV
DSSURDFKZLOODOVRLQFUHDVHWKHFLWDWLRQUDWHVRISDSHUVOD\LQJRXWWKHMXVWLILFDWLRQIRU
FDOLEUDWLRQVWKHUHE\HQFRXUDJLQJSDOHRQWRORJLVWVWRSXUVXHWKHUHVHDUFKUHTXLUHGWRWUDQVODWH
IRVVLOGDWDLQWRXVDEOHIRVVLOFDOLEUDWLRQV

&RQWULEXWLQJWRWKH)RVVLO&DOLEUDWLRQ'DWDEDVH

$QLPSRUWDQWVRXUFHRIFRQWULEXWLRQVWRWKH)RVVLO&DOLEUDWLRQ'DWDEDVHZLOOEHWKH)RVVLO
&DOLEUDWLRQ6HULHVDVHULHVRISHHUUHYLHZHGDUWLFOHVLQWKHRSHQDFFHVVMRXUQDO3DODHRQWRORJLD
(OHFWURQLFD$UWLFOHVSXEOLVKHGLQWKH)RVVLO&DOLEUDWLRQ6HULHVZLOOGHWDLOWKHSK\ORJHQHWLFDQG
VWUDWLJUDSKLFMXVWLILFDWLRQVIRUIRVVLOFDOLEUDWLRQVDQGWKHVHSDSHUVZLOOEHGLUHFWO\OLQNHGWR
LQGLYLGXDOFDOLEUDWLRQVLQWKH)RVVLO&DOLEUDWLRQ'DWDEDVH7KH)RVVLO&DOLEUDWLRQ6HULHVSURYLGHV
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DQLPSRUWDQWVHWRIFDOLEUDWLRQVIRUWKH)RVVLO&DOLEUDWLRQ'DWDEDVHZLWKDQLQLWLDOVHWRI
FDOLEUDWLRQVFRYHUHGLQWKHLQDXJXUDOVHWRISDSHUVDQGPDQ\DGGLWLRQDOFDOLEUDWLRQVWRIROORZLQ
WKHVHFRQGZDYHRI)&6SXEOLFDWLRQV7KHVHFDOLEUDWLRQVVSDQDEURDGVZDWKRIWKH7UHHRI/LIH
DQGDOWKRXJKYHUWHEUDWHVDUHEHVWUHSUHVHQWHGLQWKHLQLWLDOGDWDVHWZHDUHDFWLYHO\UHFUXLWLQJ
FRQWULEXWRUVZRUNLQJRQVSDUVHO\UHSUHVHQWHGFODGHV7KH)&6ZLOOEHWKHPDLQVRXUFHRI
FRQWULEXWLRQVWRWKHGDWDEDVHEHFDXVHLWLVSHHUUHYLHZHG+RZHYHUFDOLEUDWLRQVIURPRWKHU
VRXUFHVZLOODOVREHFRQVLGHUHGE\WKH)RVVLO&DOLEUDWLRQ$GYLVRU\%RDUGDURWDWLQJERDUGRI
WD[RQRPLFDQGPHWKRGRORJLFDOH[SHUWVIRUHQWU\LQWRWKHGDWDEDVHLIWKH\DGKHUHWRWKH%HVW
3UDFWLFHVDUWLFXODWHGE\3DUKDPHWDO
7KLV)RVVLO&DOLEUDWLRQ$GYLVRU\%RDUGLVDOVRUHVSRQVLEOHIRUDQQRWDWLQJWKHGDWDEDVHWR
LQGLFDWHXSGDWHVDQGGLVDJUHHPHQWV8VHUVFDQFULWLFL]HH[LVWLQJFDOLEUDWLRQVXVLQJWKH&RPPHQW
RQWKLV&DOLEUDWLRQEXWWRQ7KLVDOORZVWKHXVHUWRVHQGDPHVVDJHWRWKH)&'DGPLQLVWUDWRUV
ZKLFKFDQEHXVHGWRDOHUWWKHPWRLQFRUUHFWRUREVROHWHGDWD%H\RQGVHUYLQJDVDSODWIRUPIRU
QHZFDOLEUDWLRQVWKH)&6ZHOFRPHVSDSHUVGLVFXVVLQJDOODVSHFWVRIFDOLEUDWLRQLPSOHPHQWDWLRQ
GHEDWHVRYHUFRQWHQWLRXVFDOLEUDWLRQVDQGFDOLEUDWLRQEDVHGDQDO\VHV

$YDLODELOLW\

7KHGDWDEDVHLVKRVWHGE\3DODHRQWRORJLD(OHFWURQLFDDQGIUHHO\DFFHVVLEOHDW
KWWSIRVVLOFDOLEUDWLRQVRUJ'DWDDUHDYDLODEOHWKURXJKWKHJUDSKLFDOLQWHUIDFHDQGVHDUFKUHVXOWV
FDQEHGRZQORDGHGDV-DYD6FULSW2EMHFW1RWDWLRQ-621RUFRPPDVHSDUDWHGYDOXHVFVY
'DWDDUHDOVRPDGHDYDLODEOHWKURXJKDQ$SSOLFDWLRQ3URJUDPPLQJ,QWHUIDFH$3,WKDWUHSOLFDWHV
WKHVHDUFKFDSDELOLW\RIWKHJUDSKLFDOLQWHUIDFH7KH$3,DGRSWVD5(67IXODUFKLWHFWXUHDQG
GRFXPHQWDWLRQLVDYDLODEOHDWKWWSGRFVIFGEDSLDU\LR$OOGDWDDUHUHOHDVHGZLWKD&&ZDLYHU
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7KHVRIWZDUHLVRSHQVRXUFHDQGDYDLODEOHDWKWWSJLWKXEFRPQHVFHQWIRVVLOFDOLEUDWLRQVZLWKD
%6'FODXVHOLFHQVH2QJRLQJKRVWLQJDQGVXSSRUWLVSURYLGHGE\3DODHRQWRORJLD(OHFWURQLFD

)81',1*

7KLVSURMHFWZDVVXSSRUWHGE\WKH1DWLRQDO(YROXWLRQDU\6\QWKHVLV&HQWHU16)()
DVSDUWRIWKH:RUNLQJ*URXSJUDQW³6\QWKHVL]LQJDQG'DWDEDVLQJ)RVVLO&DOLEUDWLRQV
'LYHUJHQFH'DWLQJDQG%H\RQG´WR'7.DQG-)3DQGIXQGLQJIURPWKH-RKQ'DQG&DWKHULQH
70DF$UWKXU)RXQGDWLRQIRUWKH%LRGLYHUVLW\6\QWKHVLV*URXSRIWKH(QF\FORSHGLDRI/LIHDQGD
%LR6\Q&6\QWKHVLV0HHWLQJWR-)33DODHRQWRORJLD(OHFWURQLFDLVIXQGHGE\WKH
3DODHRQWRORJLFDO$VVRFLDWLRQWKH3DOHRQWRORJLFDO6RFLHW\WKH6RFLHW\RI9HUWHEUDWH
3DOHRQWRORJ\DQGWKH:HVWHUQ,QWHULRU3DOHRQWRORJLFDO6RFLHW\:HDOVRZLVKWRWKDQN(GLWRU
)UDQN$QGHUVRQ$VVRFLDWH(GLWRU'DYLG3RVDGD$SULO:ULJKWDQGDQDQRQ\PRXVUHYLHZHUIRU
FRPPHQWVDQGVXJJHVWLRQVWKDWLPSURYHGWKHTXDOLW\RIWKHPDQXVFULSW

$&.12:/('*0(176

 :HWKDQN%DUEDUD'REULQ0DUtD$*DQGROIR1L[RQDQG&KULVWRSKHU7RUUHVIRU
GLVFXVVLRQ0DUN6XWWRQDQG9ODGLPLU*DSH\HYIRUWHFKQLFDOH[SHUWLVHDQG&DQGDFH%URZQ
:LJJLQV6WHSKDQLH5LEVRQ-HII6WXUNH\DQG'DQLHOOH:LJJLQVIRUORJLVWLFDOVXSSRUW


5()(5(1&(6

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$UFLOD'3\URQ5$7\OHU-&2UWt*%HWDQFXU55$QHYDOXDWLRQRIIRVVLOWLSGDWLQJ
YHUVXVQRGHDJHFDOLEUDWLRQVLQWHWUDRGRQWLIRUPILVKHV7HOHRVWHL3HUFRPRUSKDFHDH0RO
3K\ORJHQHW(YRO±
%HFN50'/HH06<$QFLHQWGDWHVRUDFFHOHUDWHGUDWHV"0RUSKRORJLFDOFORFNVDQG
WKHDQWLTXLW\RISODFHQWDOPDPPDOV3URF56RF%
%HQWRQ0-3K\ORJHQ\RIWKHPDMRUWHWUDSRGJURXSVPRUSKRORJLFDOGDWDDQGGLYHUJHQFH
GDWHV-0RO(YRO
%HQWRQ0-'RQRJKXH3&-3DOHRQWRORJLFDOHYLGHQFHWRGDWHWKHWUHHRIOLIH0RO%LRO
(YRO± 
%HQWRQ0-'RQRJKXH3&-$VKHU5-&DOLEUDWLQJDQGFRQVWUDLQLQJPROHFXODUFORFNV
,Q+HGJHV6%.XPDU6HGLWRUV7KH7LPH7UHHRI/LIH2[IRUG2[IRUG8QLYHUVLW\
3UHVVSS±
%HQWRQ0-'RQRJKXH3&-$VKHU5-)ULHGPDQ01HDU7-9LQWKHU-&RQVWUDLQWV
RQWKHWLPHVFDOHRIDQLPDOHYROXWLRQDU\KLVWRU\3DODHRQWRO(OHFWURQ)&
%URFKX&$3DWWHUQVRIFDOLEUDWLRQDJHVHQVLWLYLW\ZLWKTXDUWHWGDWLQJPHWKRGV-
3DOHRQWRO±
&ODUNH-7:DUQRFN5&0'RQRJKXH3&-(VWDEOLVKLQJDWLPHVFDOHIRUSODQW
HYROXWLRQ1HZ3K\WRO±
'RQRJKXH3&-%HQWRQ0-5RFNVDQGFORFNVFDOLEUDWLQJWKH7UHHRI/LIHXVLQJIRVVLOV
DQGPROHFXOHV7UHQGV(FRO(YRO±
GRV5HLV0<DQJ=7KHXQEHDUDEOHXQFHUWDLQW\RI%D\HVLDQGLYHUJHQFHWLPHHVWLPDWLRQ
-6\VW(YRO±
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*LULEHW*0RUSKRORJ\VKRXOGQRWEHIRUJRWWHQLQWKHHUDRIJHQRPLFV²DSK\ORJHQHWLF
SHUVSHFWLYH=RRO$Q]GRLMMF]
+HGJHV6%'XGOH\-.XPDU67LPH7UHH$SXEOLFNQRZOHGJHEDVHRIGLYHUJHQFH
WLPHVDPRQJRUJDQLVPV%LRLQIRUPDWLFV±
+LSVOH\&$0OOHU-%H\RQGIRVVLOFDOLEUDWLRQVUHDOLWLHVRIPROHFXODUFORFNSUDFWLFHVLQ
HYROXWLRQDU\ELRORJ\)URQW*HQHW
+R6<:3KLOOLSV0-$FFRXQWLQJIRUFDOLEUDWLRQXQFHUWDLQW\LQSK\ORJHQHWLFHVWLPDWLRQ
RIHYROXWLRQDU\GLYHUJHQFH6\VW%LRO±
,QRXH-'RQRJKXH3&-<DQJ=7KHLPSDFWRIWKHUHSUHVHQWDWLRQRIIRVVLOFDOLEUDWLRQV
RQ%D\HVLDQHVWLPDWLRQRIVSHFLHVGLYHUJHQFHWLPHV6\VW%LRO±
-R\FH:*3DUKDP-)/\VRQ75:DUQRFN5&0'RQRJKXH3&-$GLYHUJHQFH
GDWLQJDQDO\VLVRIWXUWOHVXVLQJIRVVLOFDOLEUDWLRQVDQH[DPSOHRIEHVWSUDFWLFHV-
3DOHRQWRO±
.VHSND'7%HQWRQ0-&DUUDQR07*DQGROIR0$+HDG--+HUPVHQ(--R\FH:*
/DPP.63DWDQp-6/3KLOOLSV0-3ROO\3'YDQ7XLQHQ0:DUH-/:DUQRFN
5&03DUKDP-)6\QWKHVL]LQJDQGGDWDEDVLQJIRVVLOFDOLEUDWLRQVGLYHUJHQFH
GDWLQJDQGEH\RQG%LRO/HWWHUV±
0DJDOOyQ6+LOX.:.ZDQGW'/DQGSODQWHYROXWLRQDU\WLPHVFDOHJHQHHIIHFWVDUH
VHFRQGDU\WRIRVVLOFRQVWUDLQWVLQUHOD[HGFORFNHVWLPDWLRQRIDJHDQGVXEVWLWXWLRQUDWHV
$PH-%RW±
3DUKDP-)'RQRJKXH3&-%HOO&-&DOZD\7'+HDG--+ROUR\G3$,QRXH-*,UPLV
5%-R\FH:*.VHSND'73DWDQp-6/6PLWK1'7DUYHU-(9DQ7XLQHQ0
<DQJ=$QJLHOF]\N.'*UHHQZRRG-+LSVOH\&$-DFREV/0DNRYLFN\3-
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0OOHU-6PLWK.77KHRGRU-0:DUQRFN5&0%HQWRQ0-%HVWSUDFWLFHV
IRUMXVWLI\LQJIRVVLOFDOLEUDWLRQV6\VW%LRO±
3DUKDP-),UPLV5%&DYHDWVRQWKHXVHRIIRVVLOFDOLEUDWLRQVIRUPROHFXODUGDWLQJD
FRPPHQWRQ1HDUHWDO$P1DW±
3\URQ5$'LYHUJHQFHWLPHHVWLPDWLRQXVLQJIRVVLOVDVWHUPLQDOWD[DDQGWKHRULJLQVRI
/LVVDPSKLELD6\VW%LRO±
5RQTXLVW).ORSIVWHLQ69LOKHOPVHQ/6FKXOPHLVWHU60XUUD\'/5DVQLWV\Q$3
$WRWDOHYLGHQFHDSSURDFKWRGDWLQJZLWKIRVVLOVDSSOLHGWRWKHHDUO\UDGLDWLRQRIWKH
+\PHQRSWHUD6\VW%LRO±
6DXTXHW++R6<*DQGROIR0$-RUGDQ*-:LOI3&DQWULOO'-%D\O\0-%URPKDP
/%URZQ*.&DUSHQWHU5-/HH'00XUSK\'-.DOH6QLGHUPDQ-08GRYLFLF
)7HVWLQJWKHLPSDFWRIFDOLEUDWLRQRQPROHFXODUGLYHUJHQFHWLPHVXVLQJDIRVVLO
ULFKJURXSWKHFDVHRI1RWKRIDJXV)DJDOHV6\VW%LRO±
YDQ7XLQHQ0+DGO\($&DOLEUDWLRQDQGHUURULQ3ODFHQWDOPROHFXODUFORFNVD
FRQVHUYDWLYHDSSURDFKXVLQJWKHFHWDUWLRGDFW\OIRVVLOUHFRUG-+HUHG±
:DUQRFN5&03DUKDP-)-R\FH:*/\VRQ75'RQRJKXH3&-&DOLEUDWLRQ
XQFHUWDLQW\LQPROHFXODUGDWLQJDQDO\VHVWKHUHLVQRVXEVWLWXWHIRUWKHSULRUHYDOXDWLRQRI
WLPHSULRUV3URF56RF%
:DUQRFN5&0<DQJ='RQRJKXH3&-([SORULQJXQFHUWDLQW\LQWKHFDOLEUDWLRQRI
WKHPROHFXODUFORFN%LRO/HWWHUV±
 
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),*85(([DPSOHRIWKH)RVVLO&DOLEUDWLRQ'DWDEDVHLQWHUIDFH7KHEURZVHIXQFWLRQDOORZV
XVHUVWRHQWHUDQ\1&%,WD[RQQDPHDQGWREURZVHWRZDUGVWKHURRWYLDWKH³/LQHDJH´EUHDG
FUXPEWUDLORUWRZDUGVDWLSE\VHOHFWLQJDQ\RIWKH³&DOLEUDWLRQVZLWKLQFODGH´UHVXOWV6HDUFKLQJ
YLDWD[RQDJHDQGRUDXWKRULVDOVRSRVVLEOH

),*85(([DPSOHRIWKH)RVVLO&DOLEUDWLRQ'DWDEDVHVHDUFKUHVXOW6SHFLPHQGDWDDQGWKH
MXVWLILFDWLRQVIRUWKHUHFRPPHQGHGDJHDQGSK\ORJHQHWLFSODFHPHQWVDUHSURYLGHGDORQJZLWK
UHIHUHQFHVDWUHHLPDJHDQGDOLQNWRWKH)RVVLO&DOLEUDWLRQ6HULHVSDSHUSURYLGLQJWKHIXOOGDWD

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
%HVW3UDFWLFH
 0XVHXPQXPEHUVRIVSHFLPHQVWKDWGHPRQVWUDWHDOOWKHUHOHYDQWFKDUDFWHUVDQGSURYHQDQFHGDWDVKRXOGEHOLVWHG5HIHUUDOVRI
DGGLWLRQDOVSHFLPHQVWRWKHIRFDOWD[RQVKRXOGEHMXVWLILHG
 $QDSRPRUSK\EDVHGGLDJQRVLVRIWKHVSHFLPHQVRUDQH[SOLFLWXSWRGDWHSK\ORJHQHWLFDQDO\VLVWKDWLQFOXGHVWKH
VSHFLPHQVVKRXOGEHUHIHUHQFHG
 ([SOLFLWVWDWHPHQWVRQWKHUHFRQFLOLDWLRQRIPRUSKRORJLFDODQGPROHFXODUGDWDVHWVVKRXOGEHJLYHQ
 7KHORFDOLW\DQGVWUDWLJUDSKLFOHYHOWRWKHEHVWRIFXUUHQWNQRZOHGJHIURPZKLFKWKHFDOLEUDWLQJIRVVLOVZDVZHUHFROOHFWHG
VKRXOGEHVSHFLILHG
 5HIHUHQFHWRDSXEOLVKHGUDGLRLVRWRSLFDJHDQGRUQXPHULFWLPHVFDOHDQGGHWDLOVRIQXPHULFDJHVHOHFWLRQVKRXOGEHJLYHQ

7$%/(%HVWSUDFWLFHVIRUMXVWLI\LQJIRVVLOFDOLEUDWLRQV3DUKDPHWDOZKLFKPXVWEHPHWE\FDOLEUDWLRQVDFFHVVLRQHGLQWRWKH
)RVVLO&DOLEUDWLRQ'DWDEDVH

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ƌŽǁŶĐůĂĚĞ ĞŶƚŽŶ;ϭϵϵϬͿ ĞŶƚŽŶΘŽŶŽŐŚƵĞ;ϮϬϬϳͿ ŽŶŽŐŚƵĞΘĞŶƚŽŶ;ϮϬϬϳͿ ĞŶƚŽŶĞƚĂů͘;ϮϬϬϵͿ ĞŶƚŽŶĞƚĂů͘;ϮϬϭϱͿ
DĞƚĂǌŽĂ    ϲϯϰ͘ϵ ϱϱϬ͘Ϯϱď
ƵŵĞƚĂǌŽĂ    ϱϯϭ͘ϱ ϱϱϬ͘Ϯϱď
ŶŝĚĂƌŝĂ    ϱϮϬ͘ϱ ϱϮϵĐ
ŝůĂƚĞƌŝĂ  ϱϯϭ͘ϱ ϱϯϭ͘ϱ ϱϯϭ͘ϱ ϱϱϬ͘Ϯϱď
WƌŽƚŽƐƚŽŵŝĂ    ϱϯϭ͘ϱ ϱϱϬ͘Ϯϱď
ĞƵƚĞƌŽƐƚŽŵŝĂ   ϱϭϴ͘ϱ ϱϭϴ͘ϱ ϱϭϱ͘ϱĐ
ŚŽƌĚĂƚĂ    ϱϭϴ͘ϱ ϱϭϰĐ
KůĨĂĐƚŽƌĞƐ    ϱϭϴ͘ϱ ϱϭϰĐ
sĞƌƚĞďƌĂƚĂ    ϰϲϬ͘ϲ ϰϱϳ͘ϱĞ
'ŶĂƚŚŽƐƚŽŵĂƚĂ    ϰϮϭ͘ϳϱ ϰϮϬ͘ϳĚ
KƐƚĞŝĐŚƚŚǇĞƐ  ϰϭϲ͘ϭ ϰϭϲĐ ϰϭϲ ϰϮϬ͘ϳĚ
ůƵƉĞŽĐĞƉŚĂůĂ  ϭϰϵ͘ϴϱ ϭϰϵ͘ϴϱ ϭϰϵ͘ϴϱ ϭϱϬ͘ϵϰď
KǀĂůĞŶƚĂƌŝĂͲdĞƚƌĂŽĚŽŶƚŝĨŽƌŵĞƐ  ϵϲ͘ϵ ϵϲ͘ϵ ϵϲ͘ϵ ϲϵ͘ϳϭĚ
'ĂƐƚĞƌŽƐƚĞŝĨŽƌŵĞƐͲdĞƚƌĂŽĚŽŶƚŝĨŽƌŵĞƐ  ϵϲ͘ϵ ϵϲ͘ϵ ϵϲ͘ϵ ϲϵ͘ϳϭĚ
dĞƚƌĂŽĚŽŶƚŝĚĂĞ  ϯϮ͘Ϯϱ ϯϮ͘Ϯϱ ϯϮ͘Ϯϱ ϯϮ͘ϬϮĐ
dĞƚƌĂƉŽĚĂ ϯϲϯ ϯϯϬ͘ϰď ϯϯϬ͘ϰ ϯϯϬ͘ϰ ϯϯϳď
ŵŶŝŽƚĂ ϯϬϱ ϯϭϮ͘ϯď ϯϭϮ͘ϯ ϯϭϮ͘ϯ ϯϭϴĐ
ŝĂƉƐŝĚĂ Ϯϱϱ Ϯϱϵ͘ϳĐ Ϯϱϵ͘ϳ Ϯϱϱ͘ϵĐ Ϯϱϱ͘ϵ
ƌĐŚŽƐĂƵƌŝĂ ϮϰϬ ϮϯϱĂ Ϯϯϱ ϮϯϵĐ Ϯϰϳ͘ϭĂ
EĞŽƌŶŝƚŚĞƐ ϳϵ ϲϲĂ ϲϲ ϲϲ ϲϲ
EĞŽŐŶĂƚŚĂĞ ϳϬ ϲϲĂ ϲϲ ϲϲ ϲϲ
DĂŵŵĂůŝĂ ϭϬϱ ϭϲϮ͘ϱĂĚ ϭϲϮ͘ϱ ϭϲϮ͘ϵĐ ϭϲϰ͘ϵĐ
DĂƌƐƵƉŝĂůŝĂ  ϲϭ͘ϱ ϲϭ͘ϱ ϲϭ͘ϱ ϰϳ͘ϲĚ
dŚĞƌŝĂ ϵϰ ϭϮϰ͘ϲĂ ϭϮϰ͘ϯĐ ϭϮϰĐ ϭϱϲ͘ϯĂ
WůĂĐĞŶƚĂůŝĂ ϱϵ   ϲϮ͘ϱĂ ϲϭ͘ϲďĐ
ĨƌŽƚŚĞƌŝĂ  ϰϴ͘ϰ ϰϴ͘ϰ ϰϴ͘ϰ ϱϲĂ
ƚůĂŶƚŽŐĞŶĂƚĂ    ϱϱ͘ϲ ϱϲĂ
ŽǀŝĚĂĞ  ϭϴ͘ϯ ϭϴĐ ϭϴ ϭϲď
tŚŝƉƉŽŵŽƌƉŚĂͲZƵŵŝŶĂŶƚŝĂ    ϱϮ͘ϰ ϱϮ͘ϰ
ĞƚĂƌƚŝŽĚĂĐƚǇůĂ  ϰϴ͘ϯ ϰϴĐ ϱϮ͘ϰĂ ϱϮ͘ϰ
ĂƌŶŝǀŽƌĂ  ϰϮ͘ϴ ϰϯĐ ϯϵ͘ϲϴď ϯϳ͘ϯĐ
>ĂƵƌĂƐŝĂƚŚĞƌŝĂ   ϲϱ͘Ϯ ϲϮ͘ϱď ϲϭ͘ϲď
>ŝƉŽƚǇƉŚůĂ   ϲϭ͘ϱ ϲϭ͘ϱ ϲϭ͘ϲď
ŽƌĞŽĞƵƚŚĞƌŝĂ  ϵϱ͘ϯ ϳϭ͘ϮĚ ϲϭ͘ϱď ϲϭ͘ϲĐ
DƵƌŝĚĂĞ  ϭϬ ϭϭĐ ϭϬ͘ϰĐ ϭϬ͘ϰ
ZŽĚĞŶƚŝĂ   ϱϱ͘ϴ ϱϱ͘ϲ ϱϲĐ
>ĂŐŽŵŽƌƉŚĂ    ϰϴ͘ϲ ϰϳ͘ϲĐ
'ůŝƌĞƐ ϱϵ ϲϭ͘ϱĂ ϲϭ͘ϳĐ ϲϭ͘ϱď ϱϲĐ
ƌĐŚŽŶƚŽŐůŝƌĞƐ  ϲϭ͘ϱ ϲϭ͘ϳĐ ϲϭ͘ϱď ϲϭ͘ϲďĐ
ƌĐŚŽŶƚĂ ϲϳ  ϲϱ͘Ϯď ϲϭ͘ϱď ϲϭ͘ϲďĐ
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WƌŝŵĂƚĞƐ   ϱϱ͘ϱ ϱϱ͘ϲď ϱϲĐ
^ƚƌĞƉƐŝƌŚŝŶŝ    ϯϯ͘ϳ ϯϯ͘ϵĐ
ŶƚŚƌŽƉŽŝĚĞĂ    ϯϯ͘ϳ ϯϯ͘ϵĐ
ĂƚĂƌƌŚŝŶŝ  Ϯϯ Ϯϯ͘ϱĐ Ϯϯ͘ϱ Ϯϰ͘ϰϰď
,ŽŵŝŶŝĚĂĞ    ϭϭ͘Ϯ ϭϭ͘ϲĐ
,ŽŵŝŶŝŶĂĞ  ϲ͘ϱ ϲ͘ϱ ϱ͘ϳĐ ϲ͘ϱĐ
,ŽŵŽƐĂƉŝĞŶƐ    Ϭ͘Ϯ Ϭ͘Ϯ

7DEOH(YROXWLRQRIPLQLPXPFODGHDJHFRQVWUDLQWVUHTXLUHGSULQFLSDOO\E\DGLVFRYHU\RIDQHZIRVVLOEFKDQJHWRDGLIIHUHQWEXWH[LVWLQJ
IRVVLOFUHYLVLRQRIWLPHVFDOHGUHYLVLRQRISK\ORJHQ\HFKDQJHUHTXLUHGWRPHHWLQFUHDVHGVWULQJHQF\RIEHVWSUDFWLFHV$JHVDUHLQPLOOLRQVRI
\HDUVEHIRUHSUHVHQW
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